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■Determinants of left ventricular function one year 
after cardiac transplantation 

I 



COLINJREID, MAGDIHYACOUB 
^From Harefield Hospitaly Middlesex 



1UMMARY Left ventricular systolic function vi^as assessed by radionuclide angiography in 107 
onsecutive transplant recipients who were alive one year after operation. Mean (SEM) ejection 
fraction was 62-4 (4-6) at rest and 68-8 (5-4) on exercise. The influence of donor-related factors 
^donor age and sex, ischaemia time), recipient-related factors (recipient age and sex, frequency of 
■tcute rejection), type of immunosuppression (cyclosporin/azathioprine or prednisolone/azath- 
^opnne), and frequency of hypertension on left ventricular function one year after operation was 
^xammed by univariate and multivariate analysis, there was a close association both at rest and on 
•xerase between a higher ejection fraction and treatment with cyclosporin/azathioprine. There 
Jvas a trend for lower donor and recipient age, shorter ischaemia time, and fewer rejection episodes 
to be associated with better left ventricular function, but this was not statistically significant. 

■ Left ventricular systolic function was well maintained in most patients a year after cardiac 
ransplantation. The type of inmiunosuppression used had a strong influence on the left ventricular 
ystolic function of the transplanted heart. 



Jiardiac transplantation has become established as an 
effective form of treatment for patients with severe 

I myocardial disease. The one year survival is 75- 
12% '"^ and the quality of life of most of these patients 
I good: The late results of the operation are as yet not 
mown. One of- the main factors determining the 
bnger tenn 'outciome of transplantation is left ven- 
wcular fuhcdon,;which can be influenced by several 
jpaors rdate^^^ or to the type 

>finmm 

We hay^^^^^^^ function one 

ear aft^ trarisp^^ have assessed the 

DS^ible iiifluOTce of some of these factors. 

■rUDY GPIOUP 

^e studied : 107 consecutive recipients who were 
live jpne year, after transplantation and who had 

I idergohe operation between February 1980 and 
ecember 1984 (fig 1). Four patients were not 
vailable for -study because they lived abroad. There 
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were 101 men, and the age range of the group at the 
time of operation was 12-59 (mean 44- 1) years. An 
orthotopic operation had been performed in 93 
(87%) patients and a heterotopic one in 14 (13%). 

During this period, 155 patients had cardiac 
transplantation. There were 44 early (<1 year) 
deatiis, 19/39 (48-7%) of those receiving pred- 
nisolone and azathioprine and 25/116 (21-5%) of 
those on cyclosporin/azathioprine. The late mor- 
tality was 9/20 (45%) in the prednisolone and 
azathioprine group (follow up 15-88 (mean 49-5) 
months) and 4/91 (4-4%) in the cyclosporin and 
azathioprine group (follow up 22-57 (mean 36-6) 
months). 

RADIONUCLIDE VENTRICULOGRAPHY 

Left ventricular function was assessed by 
measurement of ejection fraction with gated radio- 
nuclide cineangiography at rest and on exercise. Red 
blood cells were labelled in vivo with 15 mCi 
technetivun-99m. Images were acquired with an all 
purpose parallel-hole collimator and a gamma scin- 
tillation camera (Ohio-Nuclear). Studies were per- 
formed with the patient at rest in the supine position 
in a 40° left anterior oblique projection. Symptom 
limited exercise was performed in a semi-supine 
position on a bicycle ergometer with an initial 
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Fig 1 5ritt(y population of patients who had cardiac transplants between February 
1 980 and December 1984. 



workload of 25 W and data were acquired over 10 
minutes once a steady state had been reached. The 
ejeaion fraction was calculated by the multiple 
regions of interest method with computer-deter- 
mined backgroimd areas. Exercise studies were not 
performed in heterotopic recipients in view of the 
difficulty in obtaining reliable electrocardiographic 
gating of the donor heart. 
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tion of the donors. Donors were aged from 9 to 40ip 
(mean 21-7) years. There were 50 (47%) <ionofs^ 
below the age of 20, 38 (35%) between 20 and30j ISSl 
(17%) between 30 and 40, and 1 (1%) aged 4031 
Seventy nine (74%) were male and twenty dgKtii 
(26%) female. ■ , . . . ^ . / • 

Ischaemia nVwc.— The duration of the isdiaemia time^tf I 
defined as the time between clampiiig of the dbiioj^S 
aorta and reperfusion of the donor heart in |th,e|fl 
recipient, varied from 70 to 300 (mean 138) Jniii]rt|s^y 
Table 1 shows the variation in \^i\€^^^^^[0pMm 



Donor's a ge 
9-40 (mean 217) yr 
Male 79 Female 28 



Recipient related _ ^ ^^..y^ 

Recipient age and sex.—Th^ age' fahg^ '^;|b^^ 
recipients was 12-59 (mean 44- 1) years (fig 3)VEi^ty^:^^ 
five (79%) patients were aged ^40 years at the time ' 
of transplantation. One himdred and one (94%) 
recipients were male. 

Acute rejection.— T2b\^ 2 shows the number of 
episodes of acute rejection in each patient in the first 
year after operation. A rejection episode was defined 
as one during which an endomyocardial biopsy 

Table 1 Distribution of ischaemia time of donor hearts 



Ischaemia time 
(min) 



No donor t 

(%) 
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Fig 2 Distribution of ages of donors. 
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^ig 3 Distribution of ages of recipients. 



Jpecimeh showed infiltration of interstitial, perivas- 
i^ular, or endocardial pyroninophilic mononuclear 

IjcUs with or without myocytolysis. Patients were 
l-eated with methylprednisolone (1 g daily) for three 
lays and/or.iantithymocyte globulin. The mean num- 
>er of rejection episodes per patient during the first 
^ear after operation was 2*7. 

^nmunosuppression 

V combination of oral steroids (prednisolone 1 5 mg/ 
«/day, reducing to 0-5 mg/kg/day) and azathioprine 

■ mg/kg/day) was used as immunosuppression in the 

P^t 19 (18%) patients in this study. 

The next 88 (82%) patients were given a com- 

Imation vof^ cyclosporin (5-20 mg/kg/day) knd 
athioprine (2 mg/kg/day). Oral steroids were not 
iitinely used in these patients. 

b^/>me^^ ■- . ' - ■ 

Pmension was de^^ 
^145/90 on^^^t^^^^ or more occasions during the 
y?^- In? the prednisolone and azathioprine 
^uf^2/19:;(ll%)^^^ and in the 

Klospprih and a2^ group 24/55 (44%) 

■rehypertrasive: . V - 

yocardiai preservation • 
JThomas* cardioplegic solution, 20 ml in 1 litre of 
■mal saline introduced into the aortic root, was 
^ for donor heart preservation in all cases. The 
arts were then transported in Hartmann's solution 
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. Table 2 Occurrence of acute rejection in first year after 
transplantation 



No of episodes 



No of patienu 



% 
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10 


9 


1 


20 


18 
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17 


16 


3 


35 


33 
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6 


6 


5 


11 


10 


6 


6 


6 


7 


1 


1 
1 
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Statistical analysis 

Data were analysed by simple and multiple linear 
regression. The regression coefficient was obtained 
and p value was determined. P < 0 05 was regarded as 
significant. 

Results 

LEFT VENTRICULAR FUNCTION 

The distribution of ejection fraction in the study 
group at rest (fig 4) and on exercise (fig 5) is shown. 
The ejection fraction was 60%, in 75 (70%,) patients 
at rest and 79% patients on exercise. Left ventricular 
function was impaired (ejection fraction <50%) in 
12 (11%) patients at rest and three patients on 
exercise. 

The mean (SEM) ejeaion fraaion in a group of 
normal volunteers in our laboratory was 63 (3*0) % at 
rest and 71 (2*3) % on exercise. Pooled data on 
ejection fractions in the normal population from 28 
centres world wide gave a value of 62-3 (6- 1) % at rest 
and 70-3 (7-6) % on exercise.' 
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Fig 4 Range of ejection fraction of study group at rest. 
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Ej ection fraction (exercise) 
35-96 (mean 70 5) •/. 
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Fig 5 
exercise 



Range of ejection fraction of 82 patients undergoing 
studies. 



UNIVARIATE ANALYSIS (TABLE 3) 

There was a significant association between treat- 
ment with cyclosporin and azathioprine and a higher 
ejection fraction at rest (p<0 01) and on exercise 
(p < 0 001). Greater recipient age was associated with 
a lower ejection fraction at rest (p < 0 01) but not on 
exercise. 

There was a trend for lower donor age, smaller 
number of rejection episodes, and shorter ischaemia 
time to be associated with improved ejection fraction 
both at rest and on exercise but the 95% confidence 
limit for this trend was not statistically significant. ^ 

MULTIVARIATE ANALYSIS (TABLE 4) 

With multivariate analysis the association between 
treatment with cyclosporin/azathioprine and higher 
ejection fraction at rest and on exercise persisted 
(p<0 05 and p<0 01 respectively). No significant 

Table 3 Evaluation of influence of variables on rest and ' 
exercise ejection fraction by univariate analysis 

Regression 

coefficient t value p 





Rest 


Cyclosporin 


7-84 


Redpient*s age 


-0-25 


Donor*s age 


-0-28 


Acute rejection 


-1 05 


Donor's sex (M) 


-3-40 


Ischaemia time 


-016 


Recipient's sex (M) 


2-39 




Exercise 


Cyclosporin 


11 51 


Recipient's age 


-008 


Donor's age 


-0 29 


Acute rejection 


-105 


Donor's sex (M) 


2-30 


Ischaemia time 


-003 


Recipient's sex (M) 


1 41 



2- 71 
-2-31 
-1-70 
-1 61 
-1-34 
-0-66 

0-48 

3- 46 
-0-60 
-1-38 
-1 37 

0-73 
-0-86 
0-24 



< 001 

< 0 01 

< 0-10 

< 0-50 

< 0-50 

> 0 50 

> 0 50 

< 0-001 

> 0 50 

< 0-50 

< 0 50 

> 0 50 

< 0-50 

> 0 50 
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SUBGROUP ANALYSIS ^. , , ^ , 

Table 5 shows an exWinaticm offiac^^ 
patients widi the lowest (group A) arid hi^m (^^ 
B) ejection fractions. . ; ■ /^^ir v / : :^ ■ 

Analysis of results coitfiiiiied tliit^ t^ 
significant difference between^ thg ^distribution of 
factors apart ifrbin the type of irimiunbsuppression 
used (table 6). ; '- ''-'^' '.'^■'^■^■{,, ' .^^^ 

immunosuppression: blSTRIBl/HoN OF 
VARIABLES ^- ' t. . ;y ^r/- ■ " V . 

Figure 6 shows the distributioh' brvmabl^^ the 
two immunosuppression treatment ^i^sr: < 



Discussion 



Cardiac transplantation has becorhe 'air eff^^l 
therapeutic option in the managemeni^c*^^Sj®^i 
h^ disease and can be - perform^di^th afilw 
operative monality and early postoperative mor- 
tality . The success of the procedure, however, will be 
determined by its ability to maintain normal cardiac 
performance both at rest and on exercise in the long 
term. 

In this study, we measured left ventricular ejection 
fraction determined by radionuclide angiography 
because this technique is noh-invasive and provides 
some information about changes on exercise. Tliese 
variables, however, in common with all ejection 
phase indices, suffer the disadvantage of being load^ 1 
dependent. In a previous study Ave showed that after 1 
transplantation, the inotropic state of the left ventri- j 
cle determined by load-independent .indices was ; I 
normal.* But this form of assessment of ventricular I 
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athioprine; Cya» cyclosporin; Pred, prednisolone. 



^^^on Pould h^^^ applied to the large numbers of 
s^^y therefore the two 
j|jdi cs caiinQt be: compared directly, 
•ve foimd that in most cases the systolic function of 
Wt tt^splanted heart, as determined by left ven- 
tcular ejection; fraction at rest and on exercise, was 
maintamed o after operation. These 

»ings accord with bther studies in which radio- 
■rlide angiography was used^ » and with data from 
rdiac catheterisation one year after transplanta- 
Ckfritrary to the findings of Devineni et al 
WP no increase in ejection fraction on exercise 
B>atients .treated with cyclosporin," we noted a 
Jiifirant increase in ejection fraction on exercise 
^5(lt4)%, :<^mpar^ .^.with \ resting values 
B(|l2)%) mj&^ treated group. These 

wgre^sij^ than for those in 

ientstteatedjjwthS^ 

W^feW^^^Sgj^^ wias significantly 

function 
treatment with 

Jc>^>OTin5|Tl^^ and azathioprine 

^ts:were;si^ffi w 47-3 yr) 

and 
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and had fewer episodes of ^cute rejection (2-50 vs 
3-73) in the first year after transplantation than 
patients given prednisolone and azathioprine. In 
addition, dieir left ventricular function was better 
despite a significantly longer ischaemia time (142-5 vs 
118-2 min) and a higher frequency of hypenension 
(43-6% vs 10-5%). These factors assessed 
individually were not shown to exert significant 
influence upon ventricular function although there 
was a trend for younger donor and recipient age and, 
to a lesser extent, shorter ischaemia time and smaller 
number of rejection episodes to have a favourable 
influence on left ventricular function. Therefore, the 
mechanism by which cyclosporin exens its beneficial 
effea on systoHc function has not been defined. 
Despite examination of the distribution of variables 
m patients with the highest and lowest ejection 
fractions, no factor other than the type of immuno- 
suppression used was identified as being an impor- 
tant determinant of ventricular function. 

This work is part of a continuing programme to 
evaluate the long term results of cardiac transplanta- 
tion. It is hoped that the information provided will 
help in optimising the results of this procedure. 
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Fig 6 Distribution of variables in groups treated with 
cyclosporin! azatkioprine prednisolone I azathioprine. 
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